This paper studies the effect of school closure in the Chilean market-oriented educational system. Between 2000 and 2012 the system exhibited a large turnover: 1,651 schools closed -roughly one-sixth of the current stock-and 3,029 new schools entered, mostly private-voucher schools. We use a large panel of administrative data, which contains individual students' academic achievement and socio-demographic characteristics, to estimate some of the potential educational costs of this dynamics. We identify a causal effect of school closures on school dropouts and grade retention. School closure increases the probability of high-school dropout between 46 and 62 percent (1.7 and 2.3 percentage points). Also, school exit implies a 78 percent increase in the probability of grade retention in fifth grade. If we only consider those students that switch school at the end of the 4th grade we find an increase between 4.8 and 4.9 percentage points in grade retention.
Introduction
It is common to postulate that free-entry is central -even indispensable-for a market to work well. It is argued that "creative destruction" (Schumpeter, 1942) could lead both to vertical innovations (e.g. quality and productivity improvements) and horizontal innovations (e.g. product variety). In theory, free entry and exit may allow an industry to cleanse, leading low-quality providers to exit the market and offering more alternatives for consumers. In education, the potential benefits of creative destruction should translate into better school quality and a greater variety of educational projects available to parents. Nonetheless, a more skeptical view emphasizes the costs and disruption that could be associated to creative destruction. This might be especially complex in markets with significant failures such as information asymmetries and incomplete contracts, or if the costs of entry and exit are important (e.g. large infrastructure costs). In education, "school destruction" is associated with a disruption of children's learning and socialization process. It may also affect the live of families and involved communities. 1 This paper estimates the impact of school closure in Chile, where a nationwide school voucher program was introduced in 1981, creating a dynamic educational market with high turnover rates. Specifically, for the period 2002-2012 we attempt to identify the causal effect of school closure on grade repetition and high-school dropout rates.
The Chilean case is interesting for several reasons; first, the country has a very liberalized school market that has been in place for more than 30 years without relevant changes until 2015. Second, we have new data on school exit, and use individual administrative panel data that allows us to control for individual students' characteristics. Third, recent evidence has shown that programmed school closure has potentially important pedagogic and social costs (Engberg et al 2012; de la Torre and Gwynne 2009; Kirshner et al 2009) . In our case, since closures are unanticipated, the costs of adaptation are potentially larger as parents may not be prepared for the change, and the choice of a new school could be more constrained since schools tend to have fewer slots in grades different from the entry points into most schools (pre-K, first grade and ninth grade). Fourth, in the last decade many districts in the United States have decided to close schools due to declining enrollment, competition from charter schools, or chronically low levels of academic performance. Other education systems, including Western Ontario or Norway have implemented similar policies in recent years.
However, there is scant research on the effect school closures have on student outcomes. 2 Between 1994 and 2012, the total number of schools in the system increased from 9,800 to 12,000. The net increase in schools seems to be significantly driven by demographics and increase in coverage. However, it hides an impressive turnover. Indeed, between 2000 and 2012, 1,651 primary and secondary schools exit the market and 3,029 entered. The annual "destruction rate" for public schools and private-voucher schools was around 1.1 percent per year. Larger turnover rates seem to be associated to neighborhoods that experienced population changes during this period. School creation during the period was mainly an urban phenomenon driven by private-voucher schools in areas of urban expansion.
The main finding of the paper is the identification of large causal effects of school closure on high-school dropout rates and on grade repetition in primary school.
There is potential bias associated to selection issues in the case of high school dropouts.
Students attending schools that will eventually close (treated students) may differ systematically in observable and non-observable characteristics from the rest of the students (nontreated). Also staying at a school in its final year of operation, as opposed to switching schools prior to school closure, is a second level of selection.
To deal with this potential bias we use a stringent matching design. First, we restrict the sample to students who attended schools that closed between 2005 and 2012. Second, we match students in a given school and grade who attended the school during its final year of operation with students who attended the same school and grade the year prior to closure.
In addition to school and grade, the matching uses all the covariates directly available from the MoE's administrative individual database: school attendance, GPA and age. That is, our matching strategy compares the outcomes of students with similar covariates in the exact same school and grade in cohorts separated by one year -the year prior to school closure and the final year of operation. This comparison is done for all high school grades, 9 through 11. Finally, to account for aggregate time-varying factors that could directly affect the dropout decision we combine matching and regression methods. We find that the effect of school closures on high-school dropout rates is statistically significant, the probability of dropping out increase in a range of 46 to 62 percent (between 1.7 and 2.3 percentage points). This effect is heterogeneous across grades, higher for grades 9th and 11th than for 10th grade.
Since grade retention depends on school-specific difficulty and grading standards, identifying the impact of school closure on retention requires us to assess the performance of students "treated" by school closure relative to their classmates in the receiving school. We take advantage of the rich database associated with the standardized test applied every year to fourth grade students, that allows us to control for characteristics of the schools, and we focus on school retention in fifth grade. To identify the impact of school closure on grade retention the year immediately after, we propose an instrumental variable approach, where the instrument is based on exogenous fluctuations of the population in schooling age in the school geographic area, this fluctuation affect school closure via enrolment shocks and do not directly affect grade retention the following year at a different school. We find a positive and statistically significant impact of school closure on grade retention, school exit implies a 78 percent increase in the probability of grade retention. If we only consider those students that switch school at the end of the 4th grade we find an increase between 4.8 and 4.9 percentage points in grade retention.
This paper contributes to a recent literature on the impact of student displacement on academic achievement. These studies have focused on the United States, and find that transition to a new school can have adverse effects on attendance and achievement gains for students from closed schools; effects that can be offset only when students move to higherperforming schools. De la Torre and Gwynne (2009) compare the learning trajectories (as measured by math and reading test scores) of students ages eight and older who were displaced by school closing in Chicago, to those of a group of students in similar schools that did not close. The authors find a negative effect on student achievement in the year the closings were announced, but find no effects after students enrolled in their new schools. The learning outcomes of displaced students depend on the characteristics of receiving schools. 3 The latter is consistent with our results as we find that grade repetition of displaced students increases with school difficulty. Engberg et al (2012) , adds to this literature addressing the non-random sorting of student out of closed schools into new schools, and examining a school closure plan in a mid-sized urban district, that explicitly sough to move students from low value-added schools, which would be closed, to high value-added schools. They analyse the rate of absences and students' academic performance after the reassignment. They find that the transition to new schools can have an adverse effect on attendance and achievement for students from closed schools, but these effects can be minimized when students move to higher-performing schools.
These papers do not study the impact of closures on grade repetition and dropout, and focus on programmed closures in the U.S. However, their results are broadly consistent with our findings as we also find negative effects of closures on academic achievement. Although direct comparisons are not possible, the magnitude of the effects we find are considerably larger in percentual terms, something that could be partially due to the unanticipated nature of school closures in Chile. The richness and size of our individual panel allows us to control for student's cognitive skills, previous academic performance and fixed school effects.
The rest of the paper proceeds as follows. Section 2 briefly describes the Chilean school system. Section 3 describes the data, and presents some stylized facts of market exit that motivate our empirical strategy in section 4. Section 5 presents our findings on the impact of school closure on high-school dropouts and grade repetition. Section 6 concludes.
Chile's School System
In 1981, Chile introduced school finance reforms creating a liberalized school market. Three types of schools emerged: (i) Public or municipal schools are run by 345 municipalities which receive a per-student subsidy from the central government.
(ii) Private-voucher schools; these are independent religious or secular institutions that receive the same per student subsidy as public schools. (iii) Private unsubsidized schools are also independent, but receive no public strategy to examine two cohorts of students from closed schools attending 23 newly created schools and finds that students generally performed at the same levels as matched comparison students (Young et al 2009 ). Yet, a case study of a high school that closed in a western city shows that transferring students to new schools disrupted their relationship with teachers (Kirshner et al, 2009 The Chilean school system has been, by design, one the most market-based in the world.
Private-voucher schools are funded on a per-student formula, unlike public schools they can select they students, and can be explicitly for profit. 5 Some are run by privately or publiclyheld corporations that control chains of schools, but the modal one is owned and managed by a principal/entrepreneur. While initially private-voucher schools were not allowed to charge tuition to supplement the voucher subsidy ("add-on" fees), this restriction was eased in 1993.
Public schools are allowed to charge fees only at the secondary level, although in practice few of them do. Price-discrimination of families in the same school is a common practice and selection based on family characteristics and academic performance was widespread during this period. 6
Until the 2015 reform there were few barriers to entry. The creation of new schools was weakly regulated and any entrepreneur willing to create a new school can do so, making it a free-entry-and-exit market.
Data and Basic Statistics
We start with a description of our measure of exit and the data used. To identify individual school exits, our starting point is the official listing of schools (Base Directorios) published annually by the Ministry of Education (MoE). It contains all schools since 1992. In principle, each school is uniquely identified by an ID (labeled RBD ). For each school, the listing contains the school name, address, municipality where it is located and whether it is located in a rural area. In contrast to other systems, private schools are not required to inform their closure to 4 More details about Chilean educational system can be found in Gauri (1998) and in Lara et. al. (2011) . 5 In 2012, nearly one third of total enrollment attended schools that were for profit. 6 Structural reforms have been approved in January 2015 by the Chilean parliament. After a transition period, these reforms will imply that private-voucher schools will not be allowed to charge tuition, to be for profit, and to select students.
the MoE, hence, the official registry of closures is incomplete. Additionally, some non-voucher schools have become voucher schools over time. Each of these changes could be associated with ID changes that might mistakenly be considered as an exit or entry. To properly identify exits and entries, we conducted a procedure in three stages. In the first stage, the changes in the listings yield a set of potential entries and exits. In the second stage, first-stage exit candidate is validated using an Official Exit Record of the MoE that contains all the schools that were registered as closed by local officers. In the third stage, we use the individual panel with official administrative data available for each student since the year 2002 to filter candidates of the previous stages by tracking groups of students in closing and new schools.
In addition to the sources of information described above we use other data sources.
Specifically, we consider: (1) The SIMCEs: standardized test taken every year by all students in the 4th and every other year by all 10th grade students. This database is critical to identify the effect of school closures on grade retention and high school dropouts. Moreover, from parent surveys that are carried out during the SIMCE process we obtain more infor- Next, we present some basic stylized facts of school entry and exit dynamics in the Chilean market-oriented school system to motivate our empirical strategy. Figure 1 summarizes the basic facts of school entry and exit in Chile. Between 2000 and 2012, the number of schools that closed was 1,651, yielding an average annual exit of 127 schools per year and annual destruction rate of 1.16 per cent. Over time, the number of school closures does not seem to be slowing down, that is, school turnover is a characteristic of Chilean market-oriented system decades after the voucher-system was introduced in 1981. 7 The number of new schools that entered the system during this period was 3,029, with an annual average of 233 schools, and a creation rate of 2.1 per cent. A more detailed analysis of the system entry and exit patterns can be found in the working paper version of this study. 8 For interpretation purposes, the turnover rate of the Chilean school systems in fact quite similar to the average turnover rates found historically for middle and small-sized-firms industries ( We highlight some facts regarding the school exit dynamics in Chile between 2000 and 2012 relevant to our empirical strategy presented shortly. Schools that closed during this period had an average enrollment (the year prior to exit) of about 80 students. This number is markedly smaller than the average enrollment of 300 students for schools that did not close 8 Grau et al. (2015) . 9 Cases exhibiting similar rates of school closure to Chile have generated major public debates. In Ontario, between 1999 and 2004, 275 schools were closed prompting the community to mobilize. This number corresponds to a rate of destruction of 1.14 percent, roughly the same as in Chile between 1994 and 2012. In the United States, the large number of closures during the last decade has led to public outcry in cities like New York, Chicago, and others. The destruction rate in the United States during this high turnover period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) is also similar to Chile. In Denmark, with one-third of the Chilean population, the closure of 10 to 15 schools per year between 1990 and 1999, most of them rural, was also controversial (Egelund and Laustsen 2006) . during this period. This fact is not particularly surprising as most schools need a critical mass to be economically viable given the considerable fixed costs of school provision. In systems with regulated entry and exit, enrollment is a common factor education administrators take into account when closing or merging schools. As mentioned, school financing in Chile is largely based on a voucher system, so that the resources for each school increase almost linearly with enrollment, schools unable to enroll a critical mass of students are not viable.
Furthermore, as Table 1 shows, relative to schools that did not close, schools that closed during this period had lower average standardized test scores, parents who were lees educated and with lower income. The normalized difference in standardized test scores are over 0.5; parents' education and income differences are also substantive. Figure 2 illustrates two additional facts about closing schools. First, on average, these schools show declining enrollment. Second, the composition of students that stay at school the closing year arrives does not appear to be random. To see this, we use GPA information to define a proxy measure of cognitive skills. In particular, if the school j closed in year t, we calculate the standardized GPA of the students in that school in year t − 4. Then, the average cognitive skills of the students in that school in year t − t ′ (t ′ ∈ {0, 1, 2, 3, 4}) is the standardized GPA, calculated in year t − 4 of the students who are still attending that school in year t − t ′ . The average cognitive skills of students who remain at the school decline as the school approaches to its closure. The facts show that schools that close are smaller and with students coming from lower socioeconomics families. Also, their dynamic of losing students show that the ones with best academic performance leave first. All these facts must be accounted for when estimating the impact of school closure on students' outcomes. Note: The average students cognitive skills of a school that is closing in t more years is defined in two steps. First, we calculate a standardized GPA of each student using her GPA and the GPA distribution of her school, four years before the closure. Second, the average student cognitive skill at time Closure − t, where t ∈ {1, 2, 3, 4}, is calculated as the standardized GPA average of all students who are attending schools which are closing in t years.
requires us to asses the performance of students "treated" by school closure relative to their classmates in the receiving school. In contrast, potential dropouts leave the system after school closure. In this case it seems natural to compare the outcomes of those students enrolled at a closing school in its final year of operation (treated) with those of students in the preceding cohort -one year prior to school closure-at the same school (control).
High-School Dropouts
The potential bias associated to selection issues in the case of high-school dropouts is addressed using a stringent matching design. We can think of two levels of selection. First, as seen earlier, students attending schools that will eventually close differ systematically in observable characteristics from the rest of the students (Table 1) . They have lower test scores and their parents are less educated. At the same time, as illustrated by Figure 1 , on average, schools that close have a declining enrolment over time and this attrition is not random:
better students in terms of academic performance have higher probability of leaving those schools. Hence, staying at a school in its final year of operation (as opposed to switching prior to school closure) is a second level of selection.
To deal with the first level of selection we restrict the sample to students who attended schools that closed between 2005 and 2012. The second level of selection is addressed by matching students in a given school and grade who attended a school during its final year of operation with students with similar observable characteristics who attended the same school and grade in the previous cohort -i.e. the year prior to closure. That is, our matching strategy compares the outcomes of students with similar covariates in the exact same school and grade in cohorts separated by one year -the year prior to school closure and the final year of operation. This comparison is done for all high-school grades, 9th through 11th. In addition to school and grade, the matching uses all the covariates available from the MoE's administrative individual database: school attendance, GPA and age. 11 These variables are used to compute the nearest-neighbour matches for the Mahalanobis metric. The students' school and grade are discrete covariates, thus, the matching is exact in these variables.
We define t some year between 2005 and 2012. We say that a student drops out at time t if he or she was enrolled in year t − 1 and did not enrol in year t. Let Y i,t be a binary variable taking the value 1 if student i drops out at time t and 0, otherwise. Let W i,t denote the treatment variable, that is, W i,t = 1 if student i's school closed a time t − 1 and W i,t = 0, otherwise. That is, we identify the treatment with the fact that the student attended a school in its final year of operation and therefore, is forced to find a different school if he/she aims to continue studying. Using the potential outcomes approach introduced Rubin (1974) , let is defined as
while the average treatment effect in the population of students in schools that eventually closed (ATE) is
For those treated by school closure we observe only Y i,t (1) = Y i,t and we impute Y i,t (0) using the matching procedure. For each i treated (W i,t = 1), we assign the set of matches J M (i) corresponding to the M nearest-neighbors in the untreated group (W i,t = 0) using the Mahalanobis metric. If g(i, t) is student i's grade at time t and s(i, t) is her school,
In the results section we report estimates for M = 1 (single-case match) and M = 3. The imputed value for Y i,t (0), denoted byŶ i,t (0), is the average outcome of those individuals in the set of matches, that
Using this we can estimate the ATT as the average difference Y i,t (1) − Y i,t (0) across treated individuals, that is,
where N 1 = i,t:W i,t =1 1, is the total number of treated individuals.
Similarly, we can also assign to each untreated individual i (W i,t = 0) the set of M nearest-neighbors in the treated group J M (i). In this case, we observe Y i,t (0) = Y i,t and
where N 0 = i,t:W i,t =0 1, is the total number of non-treated individuals.
The approach we use to identify the treatment effect relies on the usual assumptions used in matching (Imbens 2004; Imbens and Wooldridge 2009 ). Namely, the unconfoundedness and overlap assumptions. Intuitively, unconfoundedness means that students in consecutive cohorts at the same school with similar observables either do not differ considerably on unobservables or, conditional on observables, these unobservables do not explain whether they remain or not in that school in its final year of operation. 12
If our treated and non-treated students were observed at the same point in time the previous assumptions are sufficient for an unbiased estimate of the treatment. However, our identification strategy is based on comparing the outcomes of consecutive cohorts in the same school and grade, in consecutive years. Hence, an additional assumption is needed. Namely, we require that school and aggregate factors that might directly affect the dropout decision However, this strategy, even after controlling for year-fixed effects, does not account for year-effects nor school-level changes in the last year of operation, that could directly affect the dropout decision. If these final-year school changes are part of a typical closing process (e.g. personnel reductions) we can reinterpret this change as part of the closure treatment.
To check if our findings are indeed confined to the impact of school closure we run a placebo in which the outcomes of two consecutive cohorts are compared one year before the school 12 The unconfoundedness assumption is also referred as "selection on observables".
closure.
Grade retention
In order to take advantage of the rich SIMCE database which is applied every year since 2005
and covers nearly 95 per cent of all fourth-grade students, we focus on school retention in the fifth grade. To identify the impact of school closure on grade retention the year immediately after, we propose an instrumental variables approach (IV) in the vein of the instruments introduced by Bartik (1991) . 13 Formally, for each student i in the fifth grade at time t, let X i,t be a vector of individual characteristics at time t in the fifth grade. As before, the regressor of interest is denoted W i,t , a binary variable taking the value 1 if student i's school closes in period t − 1 (when the student was in the fourth grade) and 0, otherwise. As before, let s(i, t) be the school of student i at time t. To measure the impact of the binary and possibly endogenous regressor W i,t on the binary outcome Y i,t we estimate the bi-probit model (Wooldridge, 2002 )
(1)
Equation (1) describes the relationship between the school closure (W ), individual and school characteristics (X and Q) and an instrument (Z) described shortly. Equation (2) The instrument (Z) we propose is an exogenous determinant of school enrolment. To motivate our choice, we point out that in the Chilean voucher system, school revenues are proportional to enrolment and, since schools have important non-variable costs (e.g. infrastructure, services) or costs that vary with the number of classrooms rather than the number of students, a minimum enrolment is required for the school to remain financially sustainable.
Indeed, as shown earlier, schools that close have declining enrolment and final-year enrolment much lower than an average school. This suggests a negative correlation between school closure and enrolment. Furthermore, school enrolment is associated with parental choices and school admission policies. Since enrolment might be correlated with unobserved student characteristics captured by u i,t , it is unlikely to satisfy the exclusion restriction. However, if a geographic area is served by many schools, local fluctuations of the population in schooling age are plausibly exogenous shocks on the enrolment of a particular school in that area. 14 These demographic fluctuations affect school closure (via enrolment shocks) without directly affecting grade retention the following year at a different school. In concrete, let N m,t be the total population of students in municipality m at time t and let m(s) denote the municipality of school s. Denote by h s the share of students of school s during the year 2005, i.e., prior to the time window considered in our estimation. The instrument we propose is defined as It is worth mentioning that this approach will deliver unbiased estimates of α to the extent that the variation in the communal population does not change the student composition of the school in terms of unobservable variables. An indirect way to test this is to run two variants of the bi-probit model, one including the characteristics of each municipality and one not including these controls, and check the stability of the estimation of α for these different specifications.
Results

High-school Dropouts
We start by assessing the balance in covariates between treated and controls students in the pre and post matching samples. Recall that the treated correspond to students who attended a closing school in its final year of operation, while the controls are students in the preceding cohort in the same school and grade the year prior to its final operation year. Table   2 shows that normalized differences in school attendance, GPA and age between treatment and controls prior to the matching are all statistically significant but not huge. Students that stay at a closing school in its final year of operation have lower attendance, lower GPA and are slightly older than those at school the year prior to closure. Note that, since some of the latter group stays in the school when it closes as well (i.e., some controls are also treatments a year after), these differences are due to those who switch schools prior to closure. The post matching differences are non-existent in the ATE matching and very small for the ATT matching. Note: Norm. Dif. stands for the normalized differences in the means of the treatment (Closing at t) and control (Closing at t+1 ) groups. Table 3 shows the ATT and ATE for all high-school grades in different variants of the matching estimator using mahalanobis distance. Specifically, column (1) corresponds to the estimation that for each treated individual only considers her nearest neighbour as control, column (2) considers the three nearest neighbours, and column (3) also considers the nearest neighbour but in this case we use the Abadie-Imbens regression correction including year fixed effects as covariates. 15 We find a positive, significant and robust effect across specifications for the estimation whose sample contains students attending grades 8th, 10th, and 11th (the first row for ATT and ATE), the point estimate for the effect of school closure on student dropping out is between 1.7 and 2.3 percentage points. These estimates are not statistically different from each other, and there is no clear pattern across different specifications. Regarding the magnitudes, given that the dropout rate for the students in this sample is about 3.7 percent, the estimates range from an effect of 46 to 62 percent. across grades. For students whose schools closed when they attended 9th grade, closure increases the dropout rate between 1.4 and 2.1 percentage point, and between 3.4 and 4.3 percentage points for students treated in the 11th grade. The estimates also suggest that there is no effect for those students in the 10th grade. This heterogeneity is consistent with the differences in dropout rates across grades: the dropout rates are much higher for grades 9th and 11th than for grade 10th, suggesting that differences in grade difficulty matter. 16 Note: Standard errors in parentheses; * Significant at the 10 percent level, ** Significant at the 5 percent level. *** Significant at the 1 percent level. Column (3) presents an estimation that removes the conditional bias asymptotically, making matching estimators root-N-consistent, Abadie and Imbens (2011) .
As a robustness test, we conduct a placebo test. Specifically, we repeat the matching for students in the same school and grade in consecutive cohorts but one year ahead of school closure. That is, the treated are now students who attend the school one year prior to its final year of operation while the controls are the closest matches from the previous cohort. As seen in Table 4 (ATE and ATT estimates), the placebo treatment has no effect whatsoever.
16 Official statistics of the Chilean Ministry of Education.
This result reassures our identification strategy.
A final robustness check is to run a regression in the entire population of students as opposed to the restricted sample, that is, including students who attended schools that closed between 2005 and 2012 as well as students whose schools did not close during this period. 17
Of course, as argued earlier, since students in schools that close are significantly different than the rest of the population, estimating the impact of school closure on high-school dropout in the entire population may lead to a biased estimation. Table 7 in Appendix A shows the probit estimation (its marginal effects) on the sample of students and years for which the eight-grade SIMCE database is available (this database includes numerous socio-demographic and previous educational performance controls). The estimates of this exercise for the impact of school closure on students' dropout are remarkably similar to the ATT and ATE matching estimates obtained for the restricted sample. The small differences in the estimates is probably due to the quality of the controls in the SIMCE database. In particular, when we include all the regressors, the effect of school closure on student dropout is a statistically significant increase of 0.44 percentage points. Since in this sample the dropout rate is around 1.4 percent per year, our estimate implies that school closure increases the probability of dropping out by 31 percent.
17 The details of the sample and model specification are presented in Appendix A Note: Treated is defined as a student whose school is closing in one more year, and control is defined as a students whose school is closing in two more years. Standard errors in parentheses; * Significant at the 10 percent level, ** Significant at the 5 percent level. *** Significant at the 1 percent level. Column (3) presents an estimation that removes the conditional bias asymptotically, making matching estimators root-N-consistent, Abadie and Imbens (2011).
Grade retention
The biprobit summarized by equations (1) and (2) is estimated using MLE. Table 5 shows the estimation of different variants of equation (1), confirming a negative and statistically significant relationship between school closure and our instrument of school enrolment. This positive and significant relationship is stable to different specifications, namely, considering all students as control group (columns (1) and (2)) and only considering the students who switched school for a reason different from school closure as control group (columns (3) and (4)). Furthermore, the relationship is also stable to the inclusion of municipal characteristic as covariates. 18
The estimates of equation (2) are summarized in Table 6 . We run four specifications, all of them include a large set of covariates: individual test scores, GPA, attendance, all at 4th grade; gender; the enrollment of the school in 2005; a set of dummies for parental education; dummies for previous grade retention, a set of characteristics for the schools attended at 4th and 5th grade (e.g., the average test score); Columns (3) and (6) also consider municipal characteristics. In addition, as a reference point we estimate a simple probit model of retention on school closure (without correcting for endogeneity); these results are presented in Columns (1) and (4). Columns (2), (3), (5), and (6) present the biprobit estimates. The estimates reported in columns (1)- (3) consider the sample of all students. The sample for columns (4)-(6) includes only those students who switched schools at the end of 4th grade.
In all biprobit specifications we find positive and statistically significant coefficients of school closure on grade retention. To asses the magnitude of the effects, Table 8 of Appendix B presents the marginal effects. 19 Our estimates for the sample of all students, imply an increase between 2.4 and 2.8 percentage points in grade retention associated to school closure.
The estimates restricted to the subsample of those students who switched schools at the end of 4th grade, imply an increase between 4.8 and 4.9 percentage points in grade retention associated to school closure. These are sizeable effects. Since the grade retention rate in the estimation sample is equal to 3.02 percent, our lowest estimated parameter represents a 78 percent increase of the retention rate due to school closure.
There are different aspects of our results worth to mention. First, the coefficients of the control variables are quite intuitive: retention decreases with attendance and with student knowledge as measured by standardized tests results in Math and Language. It also decreases with the mother's and father's education level. Second, the estimated parameter for the impact of school closure on grade retention is remarkably stable to the inclusion of municipal characteristics. This is an important result since the soundness of our instrument depends on the absence of student sorting on unobservable variables correlated with fluctuations in municipal population. Finally, Table 9 in Appendix B presents the OLS estimations for average for mothers' years of education. 19 The coefficients associated to school closure are statistically significant. However, the estimated marginal effects have lower significance (coefficients significant at the 13 percent level) when we calculate the standard errors using the delta method. Still, since the latter is an approximation, the relevant estimates to make inference are the estimated parameters of equation (2) and the p-values are 0.095, for Columns (2), (3), (5), (6), respectively are 0.060, 0.052, and 0.052. the effect of school closure on grade retention, including the same covariates as before and fixed effects for the 5th grade school, which we cannot include in our biprobit estimations.
The estimated coefficients are in general significant and similar in magnitude to the biprobit estimates. As in the case of high-school dropout, this is no surprising given the quality of our control variables. Note: Standard errors in parentheses; * Significant at the 10 percent level, ** Significant at the 5 percent level, *** Significant at the 1 percent level. We cluster standard errors by school attended at 4th grade. Note: Standard errors in parentheses; * Significant at the 10 percent level, ** Significant at the 5 percent level, *** Significant at the 1 percent level. We cluster standard errors by school attended at 4th grade.
Conclusions
In 1981, Chile introduced school finance reforms creating a liberalized school market that had been in place for more than 30 years without significant changes. The creation of new schools has been weakly regulated, making it a free-entry-and-exit market. During the last two decades a massive destruction and replacement of schools was a distinctive characteristic of the market-oriented Chilean education system.
Given this significant school turnover we estimate the potential educational costs of this dynamics intending to identify the causal effect of school closure on grade repetition and high-school dropout rates. Using a large panel of individual student administrative data for the period 2002-2012, we identify a causal effect of school closures on school dropouts and grade retention. School closure increases the probability of high-school dropout between 46
and 62 percent (1.7 and 2.3 percentage points). Also, school exit implies a 78 percent increase in the probability of grade retention in fifth grade. If we only consider those students that switch school at the end of the 4th grade we find an increase between 4.8 and 4.9 percentage points in grade retention. These results are robust to different robustness check.
The results of this paper, together with recent evidence for the US on the impact of school closures on student outcomes, suggest that school closing is not necessarily effective as a policy measure to improve student achievement. Producing higher levels of achievement would require moving students to schools that perform significantly better than the closing school, in order to compensate for the adverse effects on students' attendance and achievement of a transition to a new school. This finding holds if school closure is a planned decision as it has been the case in US school districts, or if it is determined by market competition, as it has been the case in Chile. 2003, 2006, and 2008. 20 Thus, in contrast to the strategy presented in the maintext, we do not compare students of different cohorts who attend schools that close at some point. We pay the cost of loosing an important fraction of our data set and focus on the students for whom we have test score information. 21
The effect of school closure is estimated with the following probit model:
where Drop ikt takes a value one if individual i, who attended school k at 10th grade, leaves the educational system at time t when he/she was attending tenth grade and zero, otherwise.
As before, W stands for a school closure dummy; X includes language test score and math test score, GPA, and attendance rate; H includes gender, dummies for parents' education;
and S k includes a set of school k characteristics such as the type of administration, the school mean in math and language test scores and the school dropout rate at t − 1; 22 η is a time fixed effect. 20 We do not include the year 2010 in the main specification because one of our specifications would require data on school exits in 2013, which is not available.
21 Thus, we miss all the cohorts that did not take the tests and the students who did not attend the day the test was administered.
22 Given data restrictions (we only have student individual data since 2002), to avoid using the same cohort twice, to calculate the school dropout rate in t − 1, we define a dropout as a student who is missing for at least one year from the official students registry of the MoE. Note: Standard errors in parentheses; * Significant at the 10 percent level, ** Significant at the 5 percent level, *** Significant at the 1 percent level. All models include dummies for years 2003, 2006, and 2008 . We cluster standard errors by school. Given data restrictions (we only have student individual data since 2002), and to avoid using the same cohort twice, to calculate the school dropout rate in t − 1, we define a dropout as a student who is missing for at least one year from the official students registry of the MoE.
Columns (1), (2), and (3) of Table 7 show the results of this probit regression including different sets of controls. When we include all the regressors, the effect of school closure on student dropout is a statistically significant increase of 0.44 percentage points. Since in this sample the dropout rate is around 1.4 percent per year, our estimate implies that school closure increases the probability of dropping out by 31 percent. Note: All parameters represent the marginal effects. Standard errors in parentheses; * Significant at the 10 percent level, ** Significant at the 5 percent level. *** Significant at the 1 percent level. We cluster standard errors by school attended at 4th grade. Note: Standard errors in parentheses; * Significant at the 10 percent level, ** Significant at the 5 percent level, and *** Significant at the 1 percent level. We cluster standard errors by school attended at 4th grade.
Appendix B Grade Retention
